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BACKGROUND 

Cross Reference to Related Application 

[1001] This application claims priority to US Provisional Application 60/458,505, 
filed March 26, 2003. 

Field of the Invention 

[1002] The present invention generally relates to ceramic components, and in 
particular, silicon carbide-based ceramic components that find particular use in 
refractory applications. 

Description of the Related Art 

[1003] As is well understood in the area of ceramic processing, ceramic bodies 
are typically heated or fired at relatively high temperatures, such as on the order of 
1 ,000°C and higher. Such firing operations require use of refractory materials and 
refractory components that are resistant to such high temperatures, and which 
maintain structural integrity not only at high temperatures, but upon repeated heating 
and cooling cycles during the service life of the furnace or kiln. Such refractory 
components include furnace or kiln furniture utilized in connection with holding or 
supporting work pieces during firing operations, as well as refractory lining materials 
and structural walls defining the furnace heating area. 

[1004] Silicon carbide-based ceramic materials have been utilized in refractory 
applications for their various high temperature properties, including corrosion 
resistance, strength, thermal shock resistance, thermal conductivity, and other 
properties. Among various types of silicon carbide-based ceramics, dense silicon 
carbide ceramics such as sintered silicon carbide, hot pressed silicon carbide, and hot 
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isostatically pressed silicon carbide have particularly robust characteristics. However, 
because of the production complexity and costs associated with fabrication of highly 
dense silicon carbide components (such as Hexoloy®), such components are not 
widely used as refractory components, and only used under the most severe service 
conditions. On the other hand, more cost effective but relatively porous silicon 
carbide materials such as nitride bonded silicon carbide (known by acronyms such as 
NBSC and NSIC) have found practical use in refractory applications. 

[1005] Nitride bonded silicon carbide tends to be a comparatively porous 
material, oftentimes having a porosity within a range of about 10 to about 15 volume 
percent. These components are manufactured from a green body containing silicon 
carbide and silicon, and sintering the green body in a nitrogen containing atmosphere 
at temperatures on the order of 1,500°C. While nitride bonded silicon carbide has 
desirable high temperature properties, it unfortunately suffers from poor oxidation 
resistance when used in oxidizing conditions, due in part to its intrinsic porosity. This 
particular characteristic has been addressed in the past by re-firing nitride bonded 
silicon carbide components in an oxidizing atmosphere to form a thin oxide layer of 
amorphous or glassy silica, which functions to passivate and seal the outer surface of 
the component. However, the present inventor has recognized that the outer 
passivation layer formed by an oxidation process does not adequately protect the 
component from excessive oxidation during use, particularly in demanding firing 
operations, which can lead to premature component failure. Multiple mechanisms 
have been identified in connection with the unwanted oxidation. 

[1006] Foremost, during use of such components, the outer passivation layer may 
be damaged, permitting a pathway for deep oxidation. Further, phase changes in the 
passivation layer may cause tensile stresses and subsequent initiation and propagation 
of cracks in the layer. In addition, the presence of water vapor may cause blistering or 
bubbles to form in the passivation layer, leading to failure of the passivation layer and 
undesirable oxidation of the component. 

[1007] Other techniques have focused on forming an outer, protective layer by 
firing a glass former, such as a silica-containing coating or a silica precursor, that is 
coated on the component. However, unfortunately, such processing pathways tend to 
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form porous layers that have a propensity to crack and spall during use, rendering the 
outer protective layer of limited effectiveness. 

[1008] In view of the state of the art of silicon carbide-based refractory materials, 
and in particular, nitride bonded silicon carbide components, there is a need in the art 
for improved components, particularly components having improved oxidation 
resistance in practical use. 

SUMMARY 

[1009J According to one aspect of the present invention, a ceramic component is 
provided, which includes a ceramic body and an oxide layer provided on the ceramic 
body. The ceramic body contains silicon carbide, and the oxide layer is formed by 
oxidizing the ceramic body in the presence of alumina. The alumina has a relatively 
fine (submicron) particle size. 

(1010] According to another feature of the present invention, a ceramic 
component is provided including a ceramic body containing silicon carbide, and an 
oxide layer provided on the ceramic body. The oxide layer is formed by oxidizing a 
ceramic body in the presence of alumina, the oxide layer containing an amorphous 
phase and a crystalline phase, the crystalline phase comprising needle-shaped crystals. 

[1011] According to another feature of the present invention, a ceramic 
component is formed of a ceramic body and an oxide layer formed thereon, the 
ceramic body containing silicon carbide and the oxide layer containing an amorphous 
phase and a crystalline phase. The crystalline phase contains anisotropically-shaped 
crystals formed of at least one of alumina and an aluminosilicate. 

[1012] According to another feature of the present invention, a ceramic 
component is provided being formed of a nitride bonded silicon carbide body, and an 
alumina-rich oxide layer provided on the ceramic body. The oxide layer is formed by 
oxidizing the ceramic body, has an amorphous phase and a crystalline phase, and has 
not less than 5wt% more alumina than an alumina content in the nitride bonded 
silicon carbide body 
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[1013] According to yet another feature of the present invention, a method for 
forming a ceramic component is provided, which includes providing a ceramic body 
containing silicon carbide, coating the ceramic body with alumina having a particle 
size less than about 1.0 micron, and oxidizing the ceramic body. 

[1014] According to yet another feature of the present invention, a method for 
processing ceramic parts is provided. The method calls for providing ceramic parts 
and at least one refractory component in a furnace, and heat treating the ceramic parts 
and the at least one refractory component at a temperature not greater than about 
1 500°C and for a time period of not less than about 1 hour. The refractory component 
is formed of a ceramic body comprising silicon carbide, and an oxide layer on the 
ceramic body, the oxide layer being formed by oxidizing the ceramic body in the 
presence of fine alumina. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[1015] The present invention may be better understood, and its numerous objects, 
features, and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. 

[1016] FIG. 1 illustrates fine crystals contained in the oxide layer according to an 
embodiment of the present invention. 

[1017] The use of the same reference symbols in different drawings indicates 
similar or identical items. 

DETAILED DESCRIPTION 

[1018] According to an embodiment of the present invention, a ceramic 
component is provided which includes a ceramic body and an oxide layer provided on 
the ceramic body. The ceramic body generally contains silicon carbide, the silicon 
carbide generally forming the principle ceramic component of the ceramic body 
(greater than 50 wt%). According to the embodiment, the ceramic body is nitride- 
bonded silicon carbide, which, as described in the background, finds practical use in 
demanding refractory applications. In the case of nitride-bonded silicon carbide, the 
silicon nitride is present as a secondary component, and is generally provided within a 
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range of about 5 to about 35 wt%, such as within a narrower range within about 22-29 
wt%. The ceramic body also typically has a certain degree of porosity, typically 
within a range of about 5 vol% to about 25 vol%. Certain embodiments have 
porosities within a slightly narrower range, such as within a range of about 5 vol% to 
about 15 vol%, or even about 8 to 13 vol%. 

[1019] Typically, the formation of the ceramic body begins with the formation of 
a slurry that is formed into a shaped body, such as by slip casting in a gypsum mold. 
For a detailed description of the techniques for forming the ceramic body, attention is 
drawn to U. S. Patent 4,990,469, incorporated herein by reference. Generally 
speaking, a blend of fine and coarse silicon carbide powders is mixed together on a 
dry basis of about 40 wt% each. About 5 wt% alumina powder and about 0.5 wt% 
iron oxide powder are also added, with a balance of silicon powder, on the order of 
about 15 to 20 wt%. The foregoing weight percentages are upon a dry basis of the 
powder materials. While slip casting is generally used, other formation techniques 
used commonly in ceramic processing may also be used. For example, drip casting, 
pressing, pressure casting, extrusion, and other techniques. 

[1020] The powder materials are then provided in an aqueous solution containing 
water, and suitable additives for dispersion and adjustment of pH. After preparation 
of a stable aqueous suspension or slurry, the suspension is poured into a plaster 
(gypsum) mold for casting. Water is drawn by capillary action through the gypsum 
mold, leaving behind a soft cast product. Following separation from the mold, the 
dried cast, a ceramic green body, is then heat treated in a nitrogen-containing 
atmosphere. Typically, the green body is heated to a temperature greater than about 
1,200°C for a time period of at least 12 hours. Particular embodiments may be heat 
treated in a nitrogen-containing atmosphere at higher temperatures and longer 
durations, such as on the order of 1,300°C, and at least 1 to 2 days. The firing of the 
ceramic body in the nitrogenous atmosphere is effective to react the silicon contained 
in the body with the nitrogen atmosphere, causing the formation of silicon nitride as a 
secondary phase, which bonds the primary silicon carbide phase. 

[1021] According to a particular feature of an embodiment of the present 
invention, the as-formed nitride bonded silicon carbide body is then subjected to an 
oxidation treatment in the presence of alumina at the outer surface of the ceramic 
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body, the alumina typically having a fairly fine particle size such as less than about 
1.0 microns, less than about 0.8 microns. In certain embodiments, the particle size is 
less than about 0.5 microns, or even less than about 0.3 microns. The noted particle 
size is the average particle size of alumina powder which is present during the 
oxidation treatment. A particular embodiment has been formed based upon an 
alumina having a particle size of about 0.2 microns. Particle size may take on 
particular significance according to certain embodiments, enabling the formation of 
desirable phases and morphology in the glassy protective layer, discussed in more 
detail below. 

[1022] Typically, alumina powder and/or an alumina precursor which forms fine 
alumina during oxidation, is coated on an outer surface of the ceramic body following 
nitridation. Depending upon the particular geometric configuration of the ceramic 
body, the coating may be effected by spraying, dipping, brushing, and the like. For 
example, flat shapes may be coated with alumina by automatic, semi-automatic, or 
manual spraying operations using a standard spraying apparatus such as an air sprayer 
to achieve a thin, uniform coating on the surface. More complex shapes such as, posts 
and beams, may be dipped into a slurry containing fine alumina. 

[1023] According to one embodiment, commercially available alumina slurry 
having a nominal 20% solids loading content of alumina in an aqueous solution is 
used for coating. This particular slurry had a nominal pH of about 10.02, the pH 
typically being within a range of about 9 to about 1 1 . 

[1024] Following the coating operation, the ceramic body is subjected to an 
oxidation treatment as generally noted above. Here, the oxidation may be carried out 
by refiring in an oxidizing atmosphere, such as ambient air, at a temperature greater 
than about 1,100°C, such as greater than about 1,200°C. Particular embodiments are 
fired at even higher temperatures, such as greater than about 1,300°C. 

[1025] The resulting oxide layer formed following the oxidation process is silica- 
based, and includes at least one of alumina and an aluminosilicate. In this regard, the 
silica comprises a glassy or amorphous phase, although some amount of crystalline 
silica might be present, such as during practical use of the refractory component in 
furnacing operations. Silica is the primary and majority phase forming the matrix 
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phase of the oxide layer, in which a crystalline aluminosilicate and/or alumina phase 
is present. A particular form of the aluminosilicate has been identified as mullite, 
having a composition of 3 Al 2 03«2Si02. 

[1026] According to a particular feature of an embodiment, the crystalline phase 
has been identified to be composed of anisotropically-shaped crystals comprised of at 
least one of alumina and an aluminosilicate. Indeed, certain embodiments have been 
found to have needle-shaped crystals, as generally depicted in Fig. 1 . The crystalline 
phase may be mainly such needle-shaped crystals. 

[1027] Turning to Fig. 1, an illustration from an SEM micrograph is provided, 
which depicts a ceramic component 10, forming a refractory component having an 
outer oxide layer containing an amorphous silica matrix phase 12, and a crystalline 
phase formed of needle-shaped alumina and/or aluminosilicate crystals 14. Typically, 
the crystals have and aspect ratio not less than about 3:1, typically not less than about 
5:1. Indeed, certain embodiments had an aspect ratio that is relatively high, greater 
than about 10:1, indicating fairly elongated crystals. In this regard, aspect ratio is 
defined as the ratio of the longest dimension to the next longest dimension 
perpendicular to the length. While the foregoing has focused on the presence of 
needle-shaped crystals, other embodiments may have generally isometric crystals, 
which may result from use of relatively thick alumina coatings prior to oxidation and 
other factors. 

[1028] Further, some crystals have a crystal size (along their longest dimension) 
greater than about 0.2 microns, but typically are relatively fine and have a crystal size 
less than about 30 microns, such as less than about 20 microns. The crystals may be 
within a narrower range, with a majority having an average crystal size within a range 
of about 0.5 to about 10 microns. 

[1029] Turning to the composition of the glassy oxide layer, portions of the glass 
layers along amorphous regions (specifically excluding the crystalline regions) of 
various embodiments were examined. Generally, the layers contain about 10-50 wt% 
alumina, about 50-90 wt% silica, with a balance of secondary components such as 
iron oxide, sodium oxide, and potassium oxide. The alumina content may lie within a 
narrower range, on the order of about 12-50 wt%, or 15-25 wt%. One particular 
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example was measured to have, by wt%, 75% Si02, 17.6% A1203, 5.4% Na20, 1.2% 
K20 5 0.6% Fe203. 

[1030] According to an embodiment of the present invention, the oxide layer 
forms a fairly uniform, conformal layer which covers substantially the entirety of the 
ceramic body. This oxide layer functions to passivate and protect the underlying 
silicon carbide-based ceramic body from excessive oxidation. According to a 
particular feature, embodiments of the present invention have demonstrated 
significantly improved oxidation resistance in demanding furnacing applications, as 
compared to control samples formed in a similar manner, but without the addition of 
an alumina-based or alumina precursor coating prior to oxidation. In addition, such 
control samples were free of anisotropic crystallites as described herein. 

[1031] While not wishing to be bound to any particular theory, it is believed that 
the presence of the fine crystallites composed of at least one of alumina and an 
aluminosilicate, contributes to improved performance as implemented in the furnacing 
applications to resist unwanted oxidation. Use of relatively fine alumina powder as 
described above is believed to be a contributing factor to the improved performance, 
and to the presence of fine crystallites. A comparison of an embodiment of the 
present invention to a control sample formed without introduction of fine alumina 
during the oxidation process, indeed demonstrated such superior oxidation resistance. 
In particular, the rate of weight gain during a steam oxidation test carried out at 900°C 
was measured. The control sample demonstrated a rate of weight gain of 1 .05 x 10" 4 
wt% increase per hour, while an embodiment of the present invention demonstrated a 
0.7 x 10" 4 wt% increase per hour. This distinction represents a 33% improvement in 
oxidation resistance. 

[1032] Still further, comparative testing with alternate processing pathways that 
rely on use of a silica or silica precursor coated on the component, has also revealed 
the significance of utilizing an oxidation approach to form the protective layer. 
Namely, experience with coating nitride bonded silicon carbide components has 
shown a tendency to form porous layers that are not robust, and which spall and flake 
off during testing and/or use. In contrast, embodiments of the present invention that 
utilize oxidation-formed protective layers demonstrate superior performance, life, and 
reduced weight gain in oxidizing environments. 
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[1033] It is noted that control samples may contain alumina in the outer silica 
protective layer, originating from alumina present within the ceramic body itself. 
However, according to embodiments of the present invention, the outer protective 
layer is alumina-rich as compared to the control samples, as measured along glassy 
portions of the layer. To clarify, it was found that approximately 5 wt% of alumina in 
the ceramic body manifested into about 8 wt % in the outer silica protective layer 
according to the control samples. In contrast, according to the embodiments of the 
present invention, incorporation of a thin, fine alumina coating prior to oxidation 
provided a higher concentration of alumina in the protective layer, such as greater 
than about 10 wt%, greater than about 12 wt%, and certain embodiments greater than 
about 15%. Stated alternatively, according to embodiments of the present invention, 
the outer protective oxide layer contains greater than 5 wt % more alumina than in the 
ceramic body proper. More typically, the difference in concentrations of alumina 
between the ceramic body and the coating is generally greater than about 7 wt%, such 
as greater than about 10 wt%. 

[1034] While the foregoing description has referred to refractory components in 
general, typically the refractory component is a structural component for use in firing, 
including sintering, ceramic bodies in a production environment. These supporting 
refractory components may take on form of kiln furniture, of one of several 
configurations including posts, which are intended for vertical orientation, beams, 
which may be connected to posts horizontally to form a supporting framework, sheets, 
which are typically planar and which are placed on top of beams for supporting 
ceramic bodies, and crucibles, which are firing containers that may be open or closed 
to the outer atmosphere during firing operations. In addition to kiln furniture, the 
refractory component may take on the form of a structural component of the furnace 
itself, such as a wall, or furnace lining, which may be composed of tiles. Use of the 
term "wall" is general, denoting vertical walls, as well as ceilings and floors defining 
a furnace environment. 

[1035] In line with the foregoing, embodiments of the present invention relate to 
methods of utilizing refractory components such as kiln furniture, having properties as 
described herein. According to one embodiment, ceramic parts and at least one 
refractory component are provided in a furnace, and the ceramic parts are heat treated. 
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The refractory component may have characteristics as described herein. For example, 
the refractory component typically has an oxide layer formed by oxidation of a 
ceramic body, in the presence of alumina having a submicron particle size. While 
heat treatment of the ceramic parts may be carried out over a fairly broad range and 
fairly broad hold times, embodiments of the present invention enable fairly low 
temperature firing, such as not greater than about 1,500°C for a time period not less 
than about 1 hour. Certain processing operations may call for even lower 
temperatures, such as less than about 1,400°C, or not greater than 1300°C, and even 
longer duration times such as not less than about 4 hours, or even longer, such as not 
less than about 8 hours. 

[1036] Use of state of the art refractory components in ceramic processing 
environments has oftentimes caused the components to stick together during high 
temperature processing, believed to be due to formation of an oxide during processing 
operations. According to embodiments of the present invention, the use of an oxide 
layer having properties as described herein, attenuates sticking. This may be due to 
the presence of fine crystallites as described above, or perhaps the reduction in oxide 
growth during use in ceramic processing, or a combination of such features. 

[1037] While the invention has been illustrated and described as embodied in 
silicon carbide ceramic components having oxide layer, it is not intended to be limited 
to the details shown, since various modifications and substitutions can be made 
without departing in any way from the scope of the present invention. For example, 
additional or equivalent substituents can be provided and additional or equivalent 
production steps can be employed. As such, further modifications and equivalents of 
the invention herein disclosed may occur to persons skilled in the art using no more 
than routine experimentation, and all such modifications and equivalents are believed 
to be within the scope of the invention as defined by the following claims. 
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